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1-S-f- &Z t Icj: hii-Xl'&J 

m. 

c m&m 3 ] es&o^ - y f - A - m^ra 

m*fx t:-ktim&ifc?t> b m^m i — 7 w ^-rtifrizm 
umm i o.j mmmmrnxmomAtiK &tmt*m 

t?M<r>*> v-r y f- * -^oissfcfirft. 

i i ] Huie^e£t§i*i?>jEE:>j# io-2~io 

V-ry^-:/£j&l|$tf|>CMcJ:&*-tf^y?- 



#i*j£K«BUcJ: 9 &iML-C;$-;KW-yf- 

\.wr$o%. 1 4 ] miimmmmizT/ui-'y^m^ 

im$.m i 5 ] mim^t Lx<7)nmnzii-t$>-?z. 
1 3izim<7>wg%m. 

t m&m 1 6 ] ^jss&tfiia $ ivk&mtm iz m 

«n?L*»»tfcaK, mmikvmmzfc&i&zBfS.'t&m 
*mi sizittwmkjrm. 
i m&m 1 8 ] wz&SMtf. mmmiz 
13-17 fcEttoiiaara. 

[f**JS 1 9 ] frfBjfc&fStfF e ; Co&l/N i 
£6S*»&»«r*ifc*jM&< t i> 1 a^-^tfW^Jl 1 3- 

1 8 cov ^-ftifinzmmogimjim . 
gzm-tiitfxwmftMizk vmjti&nigm 13—19 

[000 1] 

^ Df;q ^*4ro«ig*m^. mmmm*t'k lx 

[0002] 

mmmt><7>mmi) t m9tztixzx^z>. zcDtcfrx-ms. 
imthmmx'hh. zowmommi. PA^ms.-^ 

^FM-ft, Wife-fbL, 8 0 0 — 140 0'CT'M*^, 1 
5 0 0-3 0 0 0*C-C'iUiaMSt-&*-&-C'S)S. :U 

&¥&ffi&*&®m%mcomim%iiiz®&timt lx 
i>mmztix^&. 

[ooo3] zthtamz&sf.ftw.ztitzx-xyi-s 
fmit)%i><otLxitmm*:nfflm<n>ffitfi-*- 

7?>mt,z¥?Tl l z%:r>X<gi&f&.Ltz{><7)X'fo&. Zhlz 
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( 1 ) *-^y7r^A'-(:out 
fiJc$tt& 7 r ; <-WffiM±&f&J}&*?%<r)3kmz J; 0 

<^.itthz tmnhixT^&we . z<vm&%t' 
iz£o-&i&t>mmiR2ixx^z>. mMimmm&g 

v>l>. 

[0005] WTfc:±/vf-5 7t 3^aco-^ES;^rStcov%T 

$PANI*-*y7T'fA- 

^^FH-ffcfliS, ^^Ji<D3ocO±3:7 , o-tr.x£IIT-£ 

i£$ h. h . ^M^b^s, KisjiLJir'WS-fb t mmz x s 

Wttktfl7*>ix&. itc y'a-tXcr>&'PT'y r 4 A'— lz 

mmmzmz- •?> c t iz x •? m^Mmm^y r 4 >S- 

V7r 4 A— IZiZiUm (General Purpose, GP)^'V— 
r-\ *$J:tfi§3&& (High Tensile Strength, HT)?-(7' 

e7fI*-<fy7T'(A'-(cii^rtttr7f!!p^>-7< 
£>*ti> *#tee >y f-x&SiHf fc fc^Wteffcfrtefc***- 

[00 0 6] ^y7i-XIf7fMfSlttPAN 

*^ - # >• 7 r >f ^-com^co X o tcWWmt * Ha £ Z 
mitt (y¥7>U) , ftttPft&R 

> ) % t'W y arcs s. j<y7x-7i 

t'-/1-&0mm&liftWi±Q (High Modulus, HM)7-(y' 
X'foOWfccO&^ttmtLX&BZtlXl^. l?7Jttt 

®«iMi*-^y7 7^A'- 

-b'^HmSr 10 5 0X:M?*tcS#L£«SUm(;:&9& 

mco 3 ^>iiT v \& . amizit 1 o n mmrnco 
WiCD&mfcf-tfi&mx-h r> : y r 4 ^-tmhtitztkx- 



\±?T4t <-(?>%mz F e 3 C *W 6 £ fc & . 
hht^Z-htlX^h. 

[0007] »^,*Ut7T>f-'N*-«4"t»*»fert»ffi-f- Jt - 

S^ffl S I: ofv j^gB*- ^> o X v "> . 4"C^McO 

Lx-mt^zmmm-MLtci%itizi,&t>ti2,. g. 

G. Tibbetss{±> 9 $:ffiV it i [ej«^r 7r^fA'- 
^f#^*tl>C:i:$:J. Crysi. Growth, 73 (1985) 431 X' 

mmtx^z. 

[0008] ftti&&mx'temi.izjm*tttfxt5< x 

— X-f ^^(Seeding Catalyst Method) b . 
^^^^^■^^^^^(Floating Catalyst Metho 
d) 5 . srjftM^-aTii 7 r >f v <-ofl^*ffl < fffixft 
#of^#c(e&-D- s H-i'\ i^rlshioka ^(i^f^ur^' 

xtc** t -.mtrnmRxs— mk9m<r>m.-%#x ^ 

Mt LXy xO-fe^k^STHr^T-t^h^-f h<OM 

^mzm^h ztizxyyz hizy t 4 ^—(vw.mtffai. 

-rSdk^rCarbon, 30 (1992) 859 *3 it/Carbon, 30 
(1992) 865 K*3VvciKHjjL,T^,s,. 

[0009] is— f i y^mx^^titzyr ■< 

ami tax. hztizi. o msmmmffimtfftmt& . ■? 
Kch-h 200 ow&xmmimwmiL. 2 5 0 or 

^rv\ z\Kh<r>yrA y<-i 2 8 0 0X:UX±X'mmrt 
hbyrA rt—tmtf&ftmzti: h X 0 ct~m 

[ooi.o] zi\t,<7)mmi£ftmz*.z>b . pan 

^» t-yf-*-CI42S»+ 1 5 0 — 40 0*C<7D#HmT'W 

mit. myMt^mmrf&mxfoh . -r^^-^ 1300 

•Cffifi^MST'^ft £ ilfe^«<0«« k, 280 

imizb h%^x®miimMLm.ffimi*m$--t&mmz 
hh. mwuzA.&bt$t5tstemjj&v-yi-% i . pan 
^y7i-xe7«, $oaj£ftx<o«{z«jx. m 

fcti-tfyy r A A-T12¥«3ffifSJ|iI#0 . 3 4 4 n m 

ms.x'^mm.^mLx^nmmm.im'iX^h. l 

* J Lmffifi£^^-^>7 t^/n'--C-{42 4 0 O'CtLt 
T'aa^aSrSfe-rfc^ffiraPi^'O .336 nmgg 

[0011] JiUbie»L^^T'#<b^S^---K>7 r 
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mzx-xy-rs^x.—ytm/. *— xy^t-j 

[0012] A-#yl-S+z.-7'<7)MmMm&*:Z 

-?fitwn;k&mimmm<?)2ffi&tz#m2ti&. hit 
z\tit>cr>jimz~?^x iwm%M * mix mmzximt 
h. 

[0013] i ).fm^m^tc^mm 

X'hh. Z<?>£o%mm£C. E. SNYDER^^H^^W 
O89/07 16 3tl5»LTV^ 0 Z^m*. Rjfc 

®&*izmmxm<DiwM*fx£*mtmzmxL. m 
mz&mmm®.? ^mxvx^-^y±j^-^-y^% 

h^mX'hh. ZZX'IWMtLXli. mUiXfy. x. 
?y^ tcj;\">- n 7?y, ^y-y^ i/jw^x^fytc 

y^^mmYjm^&vy . roti/y, ^y-ex, 

i/iJ!S^Xi:7K^coJt{il : 2 0-2 0 : l#&$fT' 
$>1. imiiFeMm. W^IJFetMo, Cr. C 
e * fcUM n.<T)?I^^ii^$ixr o . ztiz&mvi 
(fumed) T/W5^±lC#«$^TiD<^tSm$ix 
TV»*. KJE5SSff(i5 50-85 OWlBt, #X<0 
BfitJi 1 -f >~H£Sjt O*** 1 lOOsccm, 
&ttM?ltfXrf2 0 0 s c c mSS*5ff4 L< . SS^-? 1 

zmx lx 3 o#- - 1 &fmm%x'*>-*yi~ ^.-y^fs. 
[0014]:^ LT#^n^*-^yf- a-/<7)it 

iiffigtf 3 . 5 - 7 5 n mgJBtr* 0 . JIS (iit@<0 5 
-1 000fgt£ii-f&. Xr-.1fV<0«B«Ba*if-A-r 

[0 0 15] 2) T-^&«ffi 

T-^JWI^(iIijiina(Cj; *)»mzM.^tfZtl. ftMtt 
Nature Vol. 354 (1991) P-56-58(cK®$ixTV^ ,,T 
T^^Vl OOTo r r c^B^T 



y 1- J * a -rii ft^mfiico^ffico— 5 — 2 

OnmcO^S^^fc&tcJ&K-rs. Z\<T>ti -i£y*f- 
-/liI@4-30nmT'U^Um, 2—5 0*0 

f - i - Xttcotf ym a -o Jittlf JSrcfc <o . 

lENEKtt 0. 34nrat/57r'f hOJIiaSBKfCf 3(7 

[00 16] T. W. EbbesenMZT-iTfizm&X' 

*-#yl- yf-i-7'5-^»^^-ri>^SrNature V 
ol. 358(1992) p.220-222tCiBKUTV^„ l^ffitCitfl 
9 mm. R§ffiCifif£6 mm&m^WZm^K ft>A*- 
ifT'lmmgitTWrfiJ-rSJ: 3^®L, VJWfi50 
OTo r r^B^T-m 8V S 10 0AcOT-?;fe 
SOOTorrOT/i'i:*-^/ 
f- J L-rcOgiJ-^{i^< , 5 0 0 To r r £l±X'i>£:ik 
C0±f&&lim>~t& . fiS^frO 5 0 0Torrfc't4 
J&tWcO* —fcyirS f- j.-7<7)gfeli 7 5 

i>*-#yi-si-j.-7-<7)UMmimTLtz. t-tzi-y 

[0017] 3 ) iejaa^rr^x^ft 

7?x? $• f offl-t h ^mx-fo *). m^^tfyy—isya 
xv*-#yi-s^*-7<mmmm^zim*¥!m 

¥7-6 1 8 0 3#4fc«fc:BIK*LTVv&. iiltCti. 
T;Ud->^^rt'<r)#B^-C'. Sfl^ 1 0 OTo r 

^T5X-?^^$-tt. ZZlZ*-#y<7>®£&*)& 

4. Cog!. T5X-?4i<7)i&Kti5 0 0 0— 2 0000 
KfcS LXt5 0 . «T CO J; -3 %»7-7X-?l,±mfk I C P 
(Inductively Coupled Plas 
ma) tm-itlh. 

[0 0 1 8] >Ji-^*-'/<0£fc£HRW(CVA, 
[00 19] aJiSre^cifcrt^i:, Sllc^-Tid 

m&m&tf5mLx^%\mi (^) iz^k-rxo^m^: 
zgl. MmmmLtzsm&ftmmx'imi (b)co 

ftmmffiikfrt>%&. mBffimiZTWF. ) 
*(?>mmiztLh.fcffim<7>8mi} { $> < nm lx & k> . r- 

^&HST-(ill 1 ( c ) co J: 3 lcf'W:ttfc:fffti-? 




(5) 



rl>1-aT(r>i&$f<7>mmm$:ffl 1(d) tz^t. 
[0020] 

>-i-si-j.-7ii±z hum t 5 vrA^t,^T'*> o . 

* - # W- y * * t- yttfWfl fc m L X . ^f^tcHUR L 

i d -T-S^-tCti A. G. Rinzler^tiSCIENCE Vol. 2 
69 (1995) P.1550-1553 Iz^kZixX^Z J:ol,zt7-#>' 
■?>. ifc, Walt A. de Heer £>{4SCIENCE Vol. 270 (19 
95) P. 1179-1180 fcitXSCIENCE Vol. 268(1995) p.845 
-tollZTjkiZtihJ: dfc, T-^JjWT^KL/s^-dfv 

[002 1] x -f V^ftfe^Srffl^^f^-^Sf t> 

T'Z&iiK ««?SJK^8 0 0'C@Ski«<^-ti.^ 
A 5 i5 0 . 2 fcj&R-f & * — # J f - a -y«O^TN fc ffl 

[0022]$ btzT-fmmx'texmmiiZ&x'h 
xm< , ^^m<r)2m%t'<7>j:o%mb±.tzg.m# 

-*>1-S^x.-7 , $:mg:Z-£&CLkli^imX'*>-> 

Jt. mmiz&mwimmy°yx-?mx'i,. t^x-?*^ 
aym. 1 o o o°cuubi:^tc«v^T\ »t±tcii:ig 

[0023] m±*^SM$tLS J; 9/£ffiffl<7)««*^ 
-#>1-y*3.-y'£&l&-f&Zt s $>{g;i&X'V>f8.g : i3.yF 

zzbizhh. 

[0024] -tZb-h. *»a^ief)li, itmrnfox- 

m-t&ztizhz. 

[0025] *$iw<?>m<7><amt. as*±jc«ftt<o%— 
z\b\,zh&. 
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[0026] ^m<0«Sl<7)Smt. 3£«U:fc#|ft|tta«J: 

[0027] *^BJcoffic7)aW«4. aS*±t=»^^)*|Si 

[0028] *5£BJOfl!JiOBfi<J{4. 3S*±fcH»S<0iaiB 

[0029] 

y y f - i - yj&Rgfi&^tis * ^>®j£ t a #: Mies 

tia7u-tkmz£ hV 7X?SM?^5 £ b tc i ot 
. ffllBSfkB^-^y y f-jt— rt»jST4 Cl i: 
Sfc-TS. *^c0^1^Sjt^T'(i*-^V^y 
f- A-y w«jftfc:^o-}B«*cWfflS tLh fiK Z com 

-WMitT-7im.tm&izm.m%tihi*<nx'h'o . k 

T^-e^vHc-?v.xa2 5:ffl^TSi9J'n.. 5r*J. £ 

-w&tT-?i^tcom%i l z&^xte&mThmmx' 

[0030] H2(iiSa : 5rE73^co4'-CiEftco«fiS^ 

tfm$uztebA,fm? L^mmiim^vi-mMmm 
twf. ztizvigMm.wiziimr'v-ti&im. tsw. 
mmwmiru-wiM&mbwtixh. m-nmm® 

Tic t ^ 'J? LP L < /D-JSdt T-y IWteov 
(Dy'o-Ka; 

yn-ftSiiJEtj^'iS: ioo 0^^^;P£tTTK««8K 
*«ft 1 0 m Aiii.T<7)i&&ft . (S«»5<7)S^ L tctmX'S, 
h, Z<o£o%ticmt,&3iWiWKl,zj:~>xi>&hti&. IS 
«yo-^«T'(il^®(i*^ry hVBggp (®)e«JE<7) 
H^He, Ne55ri:'-C^.^ix4) . il/o-, ^figlg 

©r-y&« 

T-y^Tiiyo-^tjt^riiJS* 5 ! o^-cois 
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c o o 3 1 ] T-?Mcmmzte\,^zft-#>i-y^j.- 

y & *.--?<7ymvm e>ti*t\. t z 

*>mmzi±%^x\>^^. 

yx^i.z-ouxm.m-th. mm^u-wmt. mm. 
xv+tcti^F-w :* ><7)mz&&<7)tp&wmM lt v > 
ffcr&gtigu o ox:*^ift< tfc 1 o o oxmbx*> 

[0033] — # s &MS.WMy'yX~?l l zlZT-7titM 

89£®lc=5:-?TV">.5>. X5Xv4'<04>tt#X(iffliEffl;^ 
Sir 5 X-7 fc: Jfc^T^&V * . d coaff A WMTy X vli 
0V^*;H^±c7)jE^lT'^L, 75X7* 
<7)igjgli$k 1 0 0 0 — 2 0 0 0 0°C(ca-f sEJaJS 
»!l^77X7^^(i, HRK»MHz«0ffl*»TR 
1 0A<7)m8SE2r»St/i3^;P4'^fSaLit5^l*IT'fi ; 

[0034] *«Bfjo* i oMit^T'ti. HU*OX«iE 

m^mmxyx^x'iixyx-r^zm^&.m-th z t 

{iffiBE<S«St^'X7'7Xv4'T'^«^'fbK^i:'^'< 

tfvfcrxo. zti£77X-?tmktcr>mt l zmi-tz> 
is-xnmzj:*)M&. tete^hzt*?. fc&ittifrK 
*-xyi~s^*-7&mzmmztiz>mm.%t'<7)%)%: 

i>r>x-h&. 

[00 3 5] *W i Rcr>ij—X>1-;i-3.-J'<ri%i2<7)m 
ifcfrStfi, BU&S&WzEMLtzm^lzfi-Xyi-; 
^f-j-— 7£&£:£it&Z blzj: s^-jl— 7 

«MT'*ot. (a) mmz. matittxtm 

t . ( b ) WEiW?Lo«»fc:«6flK*«*iBjfti: LT. 



[0036] z^^^wikK&x'&fcmKizmi-^ti 

LT<0*ffl?Ll±. LT-ecO^MtCT/US-^^Sr 

zmftsmizmw^-z mnumz x -> xmm.-th z t # 

X'Zh. 

[0037] Z(D*ft,ty<r>&2<7)mklt. mfo±<,z#- 

*rtat=. hzwrnfeofflmx'^gcco/j-tfyi-sj-j. 
-yzmftjLizmmfSL&z&zzttfX'Z & . 

[0038] 

&ttb$£Z.&tct'cr>Jjmz£'?X . ftfttiKft J: •}«>;&'- 
emfti LT»j££fiyc kcOT'&ftfcfll 
[0039] J: ot*-dfyt/fa 

u%&Mf$.cD&-ftzmmzBf&-t &?>mzm? h z t & 

^»>5:t'<7)*^Sr*f^L^t<7)i: Lxmf&ZbtfX'S . 

mmzmi-x&Kztizxix. T^vtTxn—xy 

~#>-t-S + *.-7<7)f&£:$:%}% : mz{8.mZ-&& z t # 
[0040] -fti^ffl^$:^-ft$-^^-^>-^y 

Mt>L<{4<£ffiSt<7)i»i^fcLT{i. Fe. Ti. V, 
Cr, Mn, Co, Ni, Cu. Nb. Mo. Pd. 

w. pt%¥<7>m&&m. FTcmRt/s i c 

fr&PWffefi*. cix^^tf-Cii. ^-fk*SI<7)BK*^ 

rjc* (Sit s z t mm:&mmx'*> 5Fe,c 
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[0041] Zh.t><om4frt>%Z>$-#>i~S1-*- 

nzm^^h-nm^?. m^mmizzti^mmi)^ 
[0042] tm&T-t Lxmkttzmfemt&xmt 

[0043] Srfc, ZtihWftfrbZhmmfcFlt. 

Mtttrfx*m&mt wmz-Hmzirmizji^xft 

&ZbtfTZ&. tthh. 1 OV^^/MxjgcDT/U 

. u * fc-WBKtt^ tiatt Mm&nzftftmz u 

*4 i i: (c J: 0 fifittfc^ £»4 £ fc i «T* 

[0044] $ 4, KMWSiifc^t ;P 
^Tfc'eO^^^-f^S EM (Scanning Electron Micro 
scope :^StfWi) =Srt'T-«^$-a^±^8g|t 

$LW:1Z*tZ>Zbio oJWaXf) h . 

[ 0 0 4 5 ] 3r*J. rfBMIT j (cooTteOT^J: 3 

[0046] r^Ht^mnjffii 4 aiiB-tes^j 

(*T&Ji XiLtiiffcl 9 8 6^9**1 Bf&fT> X 

[0047] t *MSt t v > 3 i: # fcHi*«DKS# 
!t'V^H2-3A< mlSA>^ 1 0 nmlKith L> » 
fcJBISa^ b^ob* IZim'&tf 1 0 n mmKA> 4> 2 — 

3nmea*-c*»tifr4ifcfc:'r6. w*£-ngLT 

*Jc|»Kfl'k»< Zbi>$>->XikLxm®%i><7)TUZ 
J£. 1 ( 1 9 5'<->-'2 2~2 6fi ; g#K) . 

[0048] t > «rfl»SBB«wita -* ■ mm. 



[0049] >"tijitfit^»;{g3t$iJJSc0 "IHWI&^Tq 
i-'x^b" ( 1 9 8 1-1 986 ) T-tJ:. ftttjzZZ 

(&) ^tJi^-l — l 0 0 nmt0®fflOi><0£ "SaCS 
^" (utlra fain particle) fctqUid t "^Si: 

lmnoKSrHiisx^i oo-io 9 m< ^wm? 
0>m&# b^?zbi,z&&. m^coRsx^mimmt 
=F\i±-&*®FFx]bh. i < tnwm- ■ mm^m. 
Ms JbE&-. m^m m. hhhijki 9 88 

^a^i. ^mfyxf-bmitiZj (Ht2'^-y 

1 2-1 3tfa#B3) . 

[0050] m±<7> J; 3 ^r-^W^^l/^r^^^ it, 

bb<o*s*«sq4t# zmmx-frtumizmfezti*^. 

[005 1 ] JEfcJ iBaa^Srfflv^^irifei: LTU. 

[0052] WattttBttfcXftlc J: •? . 

(Field Emission:«^Stlt) c7^m^iST•ffl^^ ^ft&S&fe 
^STM (Scanning Tunneling Microscope: ^3§EMr-V 

4. zixf,z\tm7—^—^-th\y : Jx b<r>K<?>±.frt> 

-f Vx.y^>7i:n~>Xfrt>^x?ZM')m<x.v*f-y 
&UwKi / z%&&-ftl:j$\-<7)%mi / z-?X7Zttl1- 
X&Zm^Q^-v^v7Z'K->XK : $:mWX : Z-)l>Yb 

[0053] IXkttmzX-yXfthti&fi 

^3--7-&&mmm<mM&mm.zm3iz7r,-t. 03 
(a> — ( c ) a. a*i±^-^>"?-y^ J .-yf£ 

«M^i^2*«Bg$fL7t«.«^m^WBTffiHi: LT* 
UfcfcOT. 03(a) J±^iaa^S:fflv^TJgfi£$n^ 

03 (b) itv v??7 < -mizmmLxms. 

^Sr. 03(c) <±g§e«IJi £ 
[0054] *^c7)^(CfflV^#4*#:i: LTtt. «- 

xmtfmf hti. 1 at^rn 2 cos^^t-** 
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[0055] ^y^yi-y^-^-y^^mt Lx 

[0056] *&Wcr>m 1 cosmzmxte. UlLfc* 

[00 57] SflcOBKttltTt*: 
*S*A JfltfMICBS: *tw!f X Sr RJSSSSrt teasKWfc^A 

tm^^mmm^m tx asaisw-* z t w?* * 

KJ&g&l%OjE;Jj# 1 0" 2 ~1 0V«*;K7) 

[0058] Km^fHizmx-th^mmxmcommt 

LTfi. mm*-&tsfc&toX\ RJCSSrt^oy^ottSR 
'vSMf>\ xfl/>, T-fef-H^, <y-fc:>. 

ztibcr><t>xhft£ L^i$miimfcc6m®*?mw&tt 
zemm&i&mix&EJi k i -> t ^tiis: & *> . 

^Vy^k'tM-SLxm^ttAWt U\ ,lix/i>c7) 

[0059] am^coRij^rt^^Ataisw^ 

$ixTv^i:i-?>T\ £»SXa-;8Sc1B£igLTX5Xv 

iz WRftfc # - w-y f - *-XjS*H»6«HWh&» £>U 
£s£Xu-;Jfc«;i; LT»±. «iU}£ (RF) ^> 

X7Xv4>&;:f£K£ixs J: a Kffifct LX i> «kv\ 
[0060] y f-i-X«X7X-?4Hcf&g 

Zix&mffinXfalZf&M^&MfoZ^l^tf&h. z 

h.zmmmzmmtxnMizTj fm&zm^. 

4> fe ft •& fEstco^je*[6i tc # - * y f- j. - x £ fig 
* i. i t T%iim*mm Lizm&ifr ?zb vx% 
h. z<7)mm^&&2.m&M%stixiimz-tf. mm** 
sss. ^hm-bess, nm&m&fm. um^m^m 



^tt^ffl«50^(c^$ixi.^- KtKc j: -o xm& 0 . 
fftii^jigii* fatcjE txMtRtz z t tfxz h . 

, [006 1 ] mm. TOSpitiS^cOTEon^-H 
X\±. 124 (a) ^L-^id^^SttSRMcOWS-^ 

! , , - k -ctiB 4 ( b ) 7* Ltz z. o t,znm.imfficr>m 
izmmti:ijfot*&; mtiinmgmim&co&isiwz 
mm.txi>. mizmoXoiztmi-xiifrikfr&y. 

nrngmmmmxtc \ i&Sk<,zc*%t'<rm- y& 
fflfr->xi.i&zt s $>. tj—tfy-t-sj-jL—ymWjftc?) 

[0062] ^r*3. mffiBJ&li. mz-l£4 0 0 — 9 0 0 

A'xm. &&m^m<mjmi,zRiixw£&-t&b& 

[0063] 3cciE^n-^i: LT"7-f ^ n«*fflv>fc 

gao-MSrias^-r. i- iumtm^t Cx<r>vm 

^Pftiggs. 1 2(±5^v-f ^Djfe#A^. Hi»#: 
T'*i>„ 1 4ti-??nj$£iiaiRL3rv\ ^>•5.V'>{i{5i:^ 
i:©KL^:^«#:*;uy-, 1 5(iv-f 9 oiSUffiS. 

i 6 «r -f y 1 7 {±v vi-yfRxstkmsX' 

18lttfxmAMX\ l9\&u-?y-XlsTt 
?-#X>TfrL>%&ffl$5MXb&. ZMifiHZ. 

t^^co*^^-. Etjiigs^N'yur. Xfxffigff^rfc-^IS 

[0 0 64] i^atcfewcii, 4-r^^u^-i 

4 1 *»aLfc«Rl6«E» 1 1 rt*Bf«OJE*. 

mtizi o-e;*x*/\,mm£x%tffrth. *<owm# 
x (mu£x*u» <miz®txmi£fm&Lg: 

n&jjzmfecomizmmLtzmgx'. -mvfoz^m 
•fz. z<ot%cr>%.m®&i lrtcoff^jti, mm i o 

-2- 1 0 VN-xtf/^iEB^iSJR-r!, - i: * { T'# h . 

LT^jo&fs 1 1 rttcr^x-rSr^^-fr. ffifemm& 
&LX*-x>i-;j-3L-7Zf&,g : Zith. *lx-?>( 

BrUfcf£JS£3IU LT*^Si* 1 ^Am>^ 

[0065] 3£8S^a-Kctt*af««fc LTffd 

t- y ^ * - -fcrifm £ Mf& v ^ t COT-* #(c$iJIiB^ 



# 



ft. nm$mMi,m\>->&tfA&j:i/j£jj&iz&tt& 

M/cmtxkX'hhzttf^mx'bh. z^ 
j&txm%.*iw?c$>z,tf. mum i okv/cmii 

y+y^*-7<r)fmi?fo<»mm%im*mx\&t(:^ 

*»\ «jg&£Jfl^ft*§-£fc:&. ^tcc^t'co^^y 

* fc'<O^W£lSCH##;i *>*ift.. 

[00 67] 06fcit^&£fflVvt;$-tf - W-y^-A- 
:/£fiK:R;Stfft2tSco^£*-r. 06tci>wc, 2 1 
<i5t*5§fs v 2 2«iM(6]*ffi. lfi*ttT£>ft. 2 4(i 

i ^»jbco b - 9 - £ hmw^)vy-x\ 
&&&w.mt ^xm&^hwz.xm+cffim.tt 

~th. 25\i^xn-M%±mcr>RFmmX-?y^-yy 
m-v 9 ^t-fottc-oX^h . 2 6iitf*mAm. 2 

fcft. StC- m^Lx^^^K mfaCDi&m*:-?-^ 

n-%¥&m.s.ztixi.^ . stc mMm^mmx-t 

fttfXcOS^ff;^ 0 0 

fc. *=fl*]«ffi2 2^fr^;Pr-2 4«±X>'N* y^U >-^' 

£ift^«fe<^A£S(tft*:#>, 

VXfoh, 

[00 68] Z<7)l&mztm&*-Xy-}-Sl-*.-7cr) 

m&imz.imTcr> ± oiztxnoz t.#-e# s . £ 

■f . RIESSS 2 1 flcoSfls*/^- 2 4 tcSft 1 5- -te y 
hLT*^^m^2 7tcJ:0SJi5SS2 1 rt^fifagOJI 

*;k^-2 4 5:60 (TCtttnJRU M£f#X (Witfr 

t££K> ^/gm#x ofl-jEwwa t -r ft rj&&83« t 

T>MiR;*ft.ftfr\ fifiE&ttWitf 5 0 0>*XJi>\sfth 

m%? 4 >xcr>m%&izzi o mvn-t&z t *<t-# ft . 

[00693 K&&&2 1 rtfcBfje*>E;*jj&*$j£L-c*§ 
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2 1 rt£*3£8N!lU »fc 1 niSL&Zm&z LXfrbM 

, su-^L-c^isr^^tcixoai-r. 

[0070] JSUhRBB Lfc*frao*ffitc J: *Uf s IS n 
m^ys^o^cOitS^U ^Rl Onm— Scl 0 
^ m<?>ft£ CO*— stf^-J-y f- a— Z t ifiT% 
ft. LAvi,. ?-*-:7<0tf-fflL f =6r*>^a«t:«»iRfc« 
t L T ^ ft <0-C'«*«^ tij^ STM^r fc' ogESt 
-^v-f ^nv^>-coJg||)^fc'cO-^yf- A-rcon-fflllit* 
LXm^zmmiziimzM-StfJ: \>\ httAM 

. ««^»a»<oiis*»^s -eft fc/sjB-c.* ft . 

BJhTft. *»Bjtf0^2O^rSc 7 )-WI£ll7^^ o cko 
^TffiT'ti. 07 ( a ) &IM b ) tc^f «fc 3 l>zm 

ftinmmmzfflfij&fmi aSrSMts. as*«o 

*«a5 S «s jWNBL»lfi^r!l6=ar«fi3&» ^> =5: ft 

ZtifiTt ft. 07(c) tc^-T J: -3 tc*^^® 
cO$B7L^fi£®l a(c$B7L3$r^fiS;-rft„ LT^fi£$ 
tUdML3 VI&Mlzm 7(d) IC^-T i d iZ^W.2 £ 
ffiSLT*»^>. dOfigft^2S-fe,ifi: LXX-7i01-S 
f-*-7*4 5r^^-ti-ft (07 (e)#BS) . 
[0072] CO*t6t=tJ»t4«iTLfc UTti. M^OKI 
S^t.T^*-^S4>fc^?ixftaei2:*fi Lv^coi: 

tlf. fflftmmi 9 9 6^5fl^-5 7HtC^Ba(cM^$ 
flfcUm* fc'CfoTWittl. i fc ^'T'^ ft . 

[o o 7 3 ] mz.i£. gtmrncD a i mcomm^mmm 
mt. ztizmmtLxm%%m&cr>&7kmm. imt& 

3M^a.|fefe*?«) tcH«4:*t=«L. »iSoaj£^n 

EL*zti^conmmzmBi,xi i ftfecr>#Tffl&tt-f&. z 
mffit,z®LM%M?it:ii-fzmmi-<mz'&z> z t &x-% 

ft. Z<7)ffl : ?l<r>m&lt5~~2 0 0 nmggt^l -tO 
^T$iJfflii-ft^i:^*T-#ft. ^ris. dcor^S^^AJl 
Sr. ^«^S:^)*U#ft^g^-f ^-v&^tfS!li*?§?S 

+T-^mfliw aj^ast z-ox&jm&Kftozkz-sj&t 

[0074] «ffl7L»^fc LTWA 1 Jf OSJ?<±, -e<0 
^SiS?-f 4> f>ix ft $ffl?L<7) A £ § *W95 $ =5r t' lz m t 
TlS^-Tft Z t tfXZ . Mx.l£0. 1-lOumt-th 
.Ii*<-C#ft. mi±iZA 1 )iS:igftft^{i. 

y ^ i» >^ zttmmmx'% h . 

[0075] C<02rj£fc:*iltft#-;Kv^y ^-a-TV) 
X. !&R{£«;tfX£3-tr) ^ffl^+T-jDl^-rft^S: 




(10) 



[00 7 6] d<?)J:3^-^>-^yf-i-7'co^^ 

6, *tmthtz#><r>ifc5m?V~T31 . MRS. 

5-3 8. gttt$affl<0»fc;ivl^-3 3*&*ffia$*i 
jfcSrE«Lfc«lj£fc1rr4. S**^r-3 3(i*?l-^ 

*'xp^,7-f >3 6{d^-^^+ryr^a^ 'J- 
*>~rizmWiZtx.T . Rl68»rt&»»T # & J: 3 

•5tv^„ ^t-ia7^r3 3*^c7)^wi(im7t 

cOJE^j £ ^ - ? S *£^r'- i^£f*:<0iSJg 5: 38l5£-r 
[00773 Z<r>mW.X'cr>#-*>-f-/1-x.—y'<r)gm. 

a»3 2i: Lxmmizmn^-thm^m 

m. L i# A 5 -f V 3 6 *» 3 2rt^i.^ 

4frt>ffim/fA£i i Ji%.<Dfiis.x'mALxmft3 2coms 
izfo&Mjimz, z<7>j&mzhh$Lmi.frh*i-x>± 

7J«:1 0°~ 1 O^X^/UDKBfc-f&^ifi U\ 

m^Miz ± vvm-ts z t tfx-z . 




nm^i i-ii9i7 
[ o o 7 s ] mmt t- fciut tzzv.ft 

[0079] ^^it^^-^o-^-yf-jL-^im^ 
tt^BfcLTg^aKfrlSlfcSrO. £fc*aiaffit>ftll 

*-7'(?>m&ffl&c?>'&^&&mwmzimtfift-t&. m 

7 <?>MX'lifflJ[Mf$M 1 a 1 a±^iS{fCffiffl-T 

[0080] *i-xi'i-;i-i.-7cr>tfL&mm%: (s 

mmmi (e) C*tJ:^:WL^t» 
{i^tBt/ittflitc. *SvmH9 (e) (csrr J: 3 tad 

09 ( e ) £^m&+sfc-CcDjfcft<7>*&£\ ^t- 

Wi&ZbtfX'ZZ. 

[0081] ZCDjmX1% t>tl&t/-7i!yi-s>j- JL -7r 
imhm~-y-75i7x3>cOW.&Z1iiL. *£«iicl 0 n 

m—m.i o^m^s. tic, miimm.zm.mx'% h 

^mm<r>mMzm-&z-£hWr&i,zi,mmx'Zh. &tz 

nm^mmm^mt lx hmm^mx-hh. 
[0082] mz. *m\<o&2<r)Wkftmztinhm 
omiz-o^xwmth. z<o-m.x-\t. t-io-t-s^ 
*--y<ojfc«*to£«*w-4#-f vtLxnwmtt-r 
&mnzwLmz-?x9ztm-t&. znumiz&whm 

icffotti^L. m^rmzftixiyX*) . m^com 
£01 oizm-t. znumx-it. ^-r*^i±{c^«^ 

2* { IS(t<i>iiS. ZCDl$M&t LXltfaz&^.fznhtf 
mmX-Z&tf. %frX'i>MmiL?. ItCinm^nm 

Lr* i 4>3l7C#fflm4'T-3 0 0—100 o"CT'T--;U 

•ri. i t J: o ^-ri> c t w? # s . 

[ 0 0 8 3 ] Z ZX-mfo 1 <7)j£*& 2 SrfSftJtiBk:. D 
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^^S.fecOT'&ftWrA^jb&UA*. @ (it@) 

10 0 0 nmc7)ifflilO#^\ '&tmfe%.i)K hlUi 

■thZt ifiX't h . Z crr?X 9 5 c0ffM^(i5fe(ca^ 

[0084] mmmimomz i> . sx^yi^-a^o 

; y 7 X yf- ((ylJxti'B. E. Fi she r^zX 
ORevies of Modern Physic 
s. Vol. 5 5. No. 4 (1983) fc§¥L<iffi* 

4-m%zzmmLxi>t>)mfr&*>%\.\ fc*?u gyt 

[0 0 8 5] £<0«fc5&-?X:?5£*f*l<OI&K&2£ 

.it t\<nii—^^rj^^—-f<n^3t 
fcUi, t^^^iltJ. mz.l£m8X'SfflLtz$i 

wzm^tijjmmimx'Z h . 5 £&9 

^-Ti:, 0OJ: dfcvx? 5<Oiffl?l3£Rl5feLt\ 

1 1 Sit^rffliCfS;^ Ltz i] J f - - 7*4 **» ^ 
ft*. 

[0086] 7A?<7)f£^£(cj£*|££^j&-r& 

^(co^r-eco-^jsriii ltc^-r. cKoirmx'tet 
^Lrisa^.?.. zzxznmfoi zmtimgrnim 

Srt^lSaLT. Ni. Fe, Cof^l-lOnmS 

smoMmizji Vfm-t&tmi 1 ( b > 
£*#&<rfc -r-i-m. «m.3js»K3rai3<i 

fcAiHiiSMtPtt i: & o T & ft £ j£ 2 t L 
TfiJffl-TI>,rt*<T-#S„ £K£4>. feL 

<<i7K^t^vS1±^«0?S^-*'X>f T-3 0 0-1000 

mzMft Ltc 1 . *^<Ofef B E£RB!lU-r & J: 3 icfgJWfc 

[0087] C<0«.«T±E<0«fc LT#-tf >• 

f"*-^***.! 4: ^<7)^. 7^?5i 

co&mmm 6 ^ * <o & t n l feKn-c* - ; + * 



=fir«Bt*»* t T is 0 # y f- a -ycotSMm £ 
tzlil8&mi&t:Mtftt-& fe OTJi&v vjot-?- Zfrt>cr>*j 

[0 088] «*«KC-?.X?5£lX9i'Wi: % mi 1 
<d> «0i3tc-7X^5O,m3£RttLT. 36*14: 
&^mzfc&Vtz*—#>1-S1-j.-74tf'i§hix 

[0089] zco^mx^htii^-no-^y^-j.-y 

«*f6]feJS*tSiai: LfeO-riCfc^T^i.'Sfc:. 
i ^ « OT-«#€-?feaj^> STM^r b'cr>mi*?-? 4 ?D7 

[0090] 

immm: &rizm&wmizi>)m?x. *«wsr?^- 
HifetfU 

S^S^iOmSffitC tt@*«>2 0 n mCOF e N i 
^(Fe,. 5 Ni 0 , 5 ) COSfitfe^S-^ 1 u mftlzmm 

io mwg.<r>ftwtvm t%z>xo iztmwmiz ± ^ 
T^ut^-y:. 05tc^-r«jt^ao*;ur- 1 4±o 
BiT^fi[at=igau r^si i^io-«m*M 

ox-tut, jc-f-v-ytfx, ^)Tyjx#xmf*mtf* 
*tfxmA&i8frymAL. zn^o^x^n^ 

1 0/n*X#;K ^i-><7)ftE.$: l;*xj}}U^ tK^O^- 
£E£ 1 O^'X^i: Dt. ^<0««T"7^f ;n$^ 
Pate (20 0W) "7-yf->-^£ 
WaLTRj6«»l lftlZTvX^Zmimt. 3 0# 
BB«i*LJt. -5- LTv-f 7nmeo%mt:&T LXryX 
v^jttfj. ^^*iBIBrL!taSMiURl9»;J:«3Kffi 

fc. KOffiL^SSSlS^aSJ-FE-SEM (Field 
Emission-Scanning Electron. Mi ciroscope: Hlf&tt}^! 

ako+AK. *o««»^Mftiii*«affisse*i*ii:siff 

*«*lt:lftaLfc*^-CJ±ai 20(a) (c^-TJ: o^rit 
Sifcl 0— »1 00nm^--Kyt/fa-y*<S|t 
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12(b) izTfi-fX d t*-^yfyfa-^as(c 
fcfctffcW^fatjfcSLT^fe. ifcfe, fflfcTHSISt 
<±^F<7) 7* t/U 7 r x * -# xommtfJl ty txfc tffi - 
X v -i- J f - a -7V3JfcK t Jt^fcf 8fcfiT& -5 fe . 

[00 9 1] S?Jfrfc0iJ2 

5^a^<5D^ffi±{C, Ni. Fe, Co, FeNi (F 
«o.5N i 0 . 5 ) » N i Co (N i 0 5 Co 0 . 5 ) , AuR 

i offimmtt%.Lt:i><7)$:m*b Lxmm 
Lti. &t, zixb<7>mR.&®«i l zm^xm5<?mmz 

1 4 £K£ Lfe . * LTgOTSS 1 1 £ 1 0 - 6 >K 
Tff^L^f**^^- 1 4 £ 6 o O'CHflnsft 
U M^xT'^^v-trVt, ^'J^At**^?!-^ 
Lfcl^x^iAW:. 3?Af*tf>*&E77ti 1 0'*x* 
)Vk LX . 'O-tf ycoMIJ 0 . 1 ;i*;$/K 
Etel^xtf/UtLfe. *LT7-r?a«SBR»i 5#> 

?oj& ( 2 0 OW) £fSH£-£. V7fy^Jl 
SSLT^jESSSl ll*l(:77X7JM$t. 6 0M 
GffiLtz. ZLX^4 7ufa<r)$m*m-TLX7'7X'? 

tfxmtezmiUcmtfm 1 9 t± 9*331 

f£bZ*>, Ni, Fe, Co, FeNi &t/N iCo«0 
Lfe53M±T'ti0 1 2 (a) tijcr 
J: 3^riSfglScl 0~ffcl 00 nm«*-*>tyfi- 
7 , 3&q6««ffi3&»4. J ?»^»ai£)Sri*I(CJ«fiLTV^. dcoi: 
£ ^^Stti^OTt/P 7 r ^.^ -,-K>-c7)it«^l, 

>-o*«a«ji £>ix fe y j + * - yojfiJliii J 
|0092JSat«3 

&t, i-WfotcZ^^Xij-Xv-r 

[0093] t-r, vxr<7)3n<rmm.*mmLtz. 

(1) WQHR±.tTit»<jfiil(Hlff2 0nm) L 
fcJifcPtfc^t-jr^JSfciOjWI (ffitl40nm) L 
fe. StCfWitl OnmcoMff^N i SrfigUL, .1 

SSftSitJ: 9*->5 Onm-1 O/iifttO^y h# (#K 
x hCOfflm : F x M£<01 OfSSg) tflDlLfe. 

(2) PtflJH (JB£?4 0nm) Lfe^SISO 
«B3t, ^o^-tfyy-;*. ( C H« i fetish /P) 

£ f» S EM tpT\ 36R<0— » t^^HR Sr^T 



( 3 ) 5^*KJit|<7 1 0 nmOilWN i JR£rj£jR 
U dflSrX2*T'l 0 0 0*etjD«ftLTN i^S-S^ 

s-ii-rfiaa^tttsHfes-e*. 

10094] ;3 LTft^ftfeS^^ftWI* tc@ 
6 t^-t3SSO*;l^- 2 4 (CSI L , gOE^S 2 1 F*| 

.-24*30 o*ct jp^ l , wrnxxx-h 6rtfi/> 

tJoxT, '^U'>i>.t*»$:^'X^A^2 6»^^AL 
fe. 1 rtO^JEtftJEEAS: 5 O'tX;**, 

v'^/l^Srl.idtpgU ££l tM(6j«®2 2co 
P a 1tFRtt7J (30 0W) ^EPJnLTT5X-7*%^^ 
*T 3 0#rafiy$Lfe. =5rij, mfiiiaMi: 2 0 mmt 

LT*»4>ffl* y LTT^^tJR OtBLfe. 

[00 9 5] UXOtiJLfe^a&K^HSrFE-SEM 
tJ: OtS^LfetCl^, ±IB0 3«0S«0U-riitfc 
v^T t> » H 1 2 ( a ) t^-T J: 3 SrltSm 1 OHR 1 0 
0 n mcO^-rfO-f > ^-i-7>'^K*^^Sl:^r(6j 
t^SLT^fe. COfc^^OfUKJO^tJi^FeOT 
^^^rX^-^^coJtW^'M^itfe^, *-^>^y 
f-i- y<7)fiS*t Jt^-ix<f ««T h -o fe . 

[0096] Hj&fcPJ4 

act, u y/77 ^ -tm%£' *m^x$Wi<?>f&&isffi- 
*imLtimfmiz^xmw-r&. 

[0097] i-T,. ESS^fiiLhtT i <fiSM (Mil 

2 0 nm) Lfe±tPt*X/N'-y^&tJ;'5JSM OKU 
4 0 nm) Lfe. ff)±tl/y'X h (m n a p=& : RD 2 0 

0 0 ; BlLlttfL (ft) ) £M*iU tf»Bo;v-- 

T-j*-*m-hK*m*rz. ^<r)±.i}-t>mxwmzx 

0CoS:«L, *Of£Ui/xh£JKDI$< < ri;tJ:0 

03 (c) t^LfeJ;d^P3lt^Co|^e^3g*S« 

[0098] z<7)m$izmffi.i t Lxmeiz^-tmwco 

*)Vy- 2 4 £KB L . RiB®» 2 1 2 7T* 

1 0-6;N-A#;U2T1#mLfef£, ^-2 4*6 0 0 
•C t Jn.^ L , ^*'x T'&^^^-fe'Vi: 7 J<^ * tfx&A 
^2 6KiAU. ^5^2 1 l*IO^XE*^JI^ 
^S^^^/W, 'O'-fe'y^iBESrO. S^N'x^/^i:^^ 
iotpSL, »K1 i:Wffi]«S2 2<7)ratFR«^ 
(30 0W) £$itoLXy°7X-?zmiXitX 60ttm 

«KfLfe. ^rt>, ■fl:fiir^SgSI«i2 Omm tins! Lfe. R 

■J - ? L T Am* t JR OttiLfe. 
[0099] BX0fiiLfe^»«<7Di!tB*FE-SEM 
tiOfS^LfetC^, Hi 2 (a) XotcWS. 
gtl 0 0 n m^-,K>'tyf a-y^igA^llffi 




(13) 
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[oiooj mmms 

mz. mum 1 1 m tm 5 <r>mwn * o . zm 

[0101] &Mgffl 1 t ra«t=^0*«Lbfc F e N i 
<Oi@8K&^ Sr 1 v m«fcft«Hft 1 0 flffiKftftt L . El 

SI 



a * ztmnntfx b £«a l/c . mxm<o&i±t> $• 1 

0- !~iovu*;Pt U #XAD#]E{;M£EE2k01 
~10%tLfc. #AAfc#XBO«»l:*<0»£-£li 
UlT<Vti 1 fc^-T i: •? T* h . 
[0102] 



No. - 






1 






2 






3 




sir 


4 






5 






6 






7 




Efc : He=l : 10) 


8 






9 






1 0 







^^J^?*, 3 04HH«»l,fc. SttffijR 
(i6 0 0*CfcL/c. *LT'v>f ^D^Hi^TLT 

tfcLfc. IX0.tt{L^5^S«iO*MSrFE-SEMtcJ; 
( a ) tCTfrf J; o Srltflgfc 10-^lOOn m^-^ 
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